Introduction
Plastics derived from petroleum may have provided very light, strong and economical materials for over 50 years but their extensive daily use as well as their challenging disposal have caused a cumulative environmental burden [1] . Hence, there is an imperative need for the production of biodegradable and durable polymers from renewable resources. In this context, there are various approaches for the production CONTACT of different types of bioplastics such as (a) the employment of chemical processes (i.e. the case of polycaprolactone/PCL), (b) combination of biological and thermo-chemical processes (i.e. the case of polylactide/PLA) or (c) entirely microbial processes (i.e. the case of poly-hydroxyalkanoates/PHAs) [2] . The latter is of great interest nowadays due to the unique properties of the resulting polymers. PHAs constitute a family of aliphatic polyesters that can be accumulated intracellularly as carbon reserves by more than 300 microorganisms under unbalanced growth conditions [3] . For the sustainable production of such microbial bioplastics through the bioconversion of various substrates, using pure or mixed microbial cultures (PMC, MMC), the selection of appropriate strains and consortia is crucial in order to form selected types of PHAs with advanced properties [4] . In its simplest form, PHA production via PMCs adopts a two-stage batch production process, with an inoculum of bacteria being introduced into a sterile solution of trace metal nutrients and a suitable carbon source and nutrients in the initial, i.e. growth phase. In the second stage, an essential element (such as N, P or O 2 ) is deliberately limited and PHA accumulation takes place [5] . The properties of the final polymer depend on the mix of carbon sources supplied during accumulation, the metabolic pathways bacteria currently use for the following conversion into precursors, and the substrate specificities of the enzymes involved [6] .
PHA production via MMCs has also been proposed as a low-cost production process, since no sterilization is necessary and the culture is able to adapt to various complex low-cost waste feedstocks. Most MMC production processes rely on ecological selection pressures that favor organisms with elevated PHA storage capacity, thus engineering the microbial consortium [7] . One such method is the enrichment of the MMC in PHA-accumulating organisms, attained by subjecting it to a number of repeated aerobic feast/famine cycles, a process known as aerobic dynamic feeding (ADF) [8] . Thus, a portion of the consortium is removed during each cycle, since the organisms that are able to store carbon during the feast conditions survive exploiting at a second stage, i.e. during the famine conditions, the stored carbon for new cells production (growth). A modified approach is to use alternating aerobic/anaerobic conditions, during which the polyphosphate and glycogen accumulating organisms (PAOs and GAOs), also capable for PHAs accumulation, are selectively enriched [9] or to subject the MMC to alternating sufficiency/limitation of an essential for growth nutrient [10] [11] [12] . Although extensive research has been conducted on the valorization of different types of wastes via MMCs, further studies are required in order to enlighten the effect of key controlling factors. These include the feeding strategy (continuous or pulse, periodic supply of different precursors, etc.) and interactions among implicated microorganisms, as they may have quite different effects on the PHAs formation when compared to PHA production via PMCs, even under the same production conditions. Given that multiple organisms as well as multiple possible PHA production pathways could be present in an MMC environment, one of the key questions will be the compositional distribution of the produced polymer and the effect of these blend compositions on chemo-mechanical properties.
Based on the latter, the present study investigates the effect of nitrogen limitation during PHAs production from a mixed consortium initially derived from soil, on the microbial populations and on the properties of the final products. In this context, a synthetic medium with mixed volatile fatty acids was used as carbon source, and the fermentation process was carried out by operating a sequential batch reactor in cycles of alternating nitrogen (PHAs accumulation phase) and carbon limitation (growth phase). Ammonium sulfate was added during carbon limitation, in order to ensure nitrogen sufficiency for microbial growth. The sufficiency versus limitation of nitrogen was achieved by altering the ratio of N:C used.
Materials and methods

Seed culture and inoculum
For the startup of the bioreactor an enriched MMC derived from soil (clay soil, sample from Platani, Rio, Greece; 38°18′ N/21°49′ E) was used. The enrichment protocol that was followed was the same as described in the study of Ntaikou et al. [4] , in a draw-fill reactor.
Bioreactor, medium and growth conditions
The bioreactor was of 1.5 L working volume (V w ) and was operated in sequential batch mode (SB) with the carbon and nitrogen sources being supplied to the reactor separately. The same basal medium that was used for the enrichment of the initial seed culture was used [4] . As carbon sources, sodium acetate, sodium buryrate and sodium propionate (all of analytical grade, Sigma Aldrich) were used in ratio 1:1:1 (on mass basis). As nitrogen source, (NH 4 ) 2 SO 4 (Sigma Aldrich) was used.
The overall operational period of the reactor was 207 days, and it was divided in 5 five distinct periods, designated period A, B, C, D, and E, during which the N:C ratios and the sequential C and N supply pattern were different. When the carbon source was supplied, the carbon sufficiency phase (accumulation of PHAs) started. During period A, the carbon phase lasted for 3 days (being supplied once per phase), during periods B and C, the carbon supply pattern was not periodic, whereas during periods D and E the carbon and nitrogen supply patterns were normalized with carbon being supplied twice per phase and lasting for 4 days, whereas the nitrogen sufficiency (growth) phase, which lasted 3 days, followed. In all cases, the supply of new feed was performed by removing 2/3 of the V w of the reactor followed by adding equal volume of fresh medium. Between phases, a settling/decanting phase was applied for 1 h, in order for the microbial biomass to settle and remain in the reactor. The reactor was kept at 25 ± 1°C, with magnetic agitation of 200 rpm and constant aeration during accumulation and growth phases, with moisturized air via sterilized filter and volumetric rate of 0.83-1.2 L/min. Sampling was performed daily under constant agitation and OD, pH, cell dry mass (CDM), remaining carbon, measured in terms of dissolved Chemical Oxygen Demand (d-COD) and nitrogen, measured as N-NH 4 + were followed versus time.
Isolation of microorganisms
At the end of each operational period, bacterial strains were isolated from the MMC by repeated streaking on agar plates. The solid medium was prepared by supplementing BSM with 20 g/L agar, sodium acetate, sodium butyrate and sodium propionate 0.5 g/L each, 0.2 g/L (NH 4 ) 2 SO 4 and 2 mg/L of the hydrophobic dye Nile Blue, previously dissolved in DMSO (2 mg per ml). Cultures were incubated at 23°C in order to apply the viable colony staining method [13] . After 48 h, 72 h, and 96 h of incubation, agar plates were exposed to UV light (312 nm). Several fluorescent colonies were selected based on their morphological differences and were transferred to the same medium, without dye, to isolate single colonies.
DNA extraction and PCR amplification of isolates and mixed cultures
Total DNA extraction, using 10 6 cells on the average, was carried out using the Macherey-Nagel Tissue kit following the manufacturer's protocol. The genetic diversity and similarity of the bacterial community was analyzed by amplification of the 16S rRNA marker (corresponding to positions 341-534 in E. coli), using eubacteria-specific primers, as described by Muyzer et al. [14] . PCRs were carried out in 50 μL volumes (1 unit KAPA Taq DNA Polymerase, 1X KAPA PCR buffer A, 0.2 mM dNTPs, 1 mM MgCl, 0.5 μL DNA template, filled to 50 μL with sterile H 2 O). The thermocycling program for the touchdown PCR was as follows: initial denaturation was performed at 93°C for 5 min and then at 93°C for 1 min, followed by touchdown primer annealing from 65°C to 53°C (the annealing temperature was decreased 0.5°C every cycle for 25 cycles, to touchdown at 53°C), followed by extension at 68°C for 1 min (for each of the 25 cycles), with a final extension step at 68°C for 10 min. The PCR results were analyzed by horizontal electrophoresis in 1% agarose gel stained with ethidium bromide (1 μg/ml), after which they were inspected under UV light and photographed. Furthermore, in order to detect subtle differences in the amplified fragments, a second electrophoresis was performed in a 3% gel for 4 h.
In order to better delineate the content of the mixed cultures, the RISA technique [15] was Applied. This method uses the Ribosomal 16S-23S Intergenic Spacer length heterogeneity between taxa to distinguish members of the community. The region is amplified via PCR and resolved on a polyacrylamide gel. The resulting complex banding pattern (a mixture of fragments) provides a profile of each microbial community studied. Each band corresponds to at least one organism. Specifically, the bacterial ISR (Intergenic Spacer Region) is located between the small and large subunits of rRNA. The primers C1 (5ʹ-TTGTACACACCGCCCGTCA-3ʹ) and C2 (5ʹ-GTACTTAGATGTTTCAGTTC-3ʹ) [16] were used in order to amplify the respective region. After following the above-mentioned DNA extraction and PCR assay, the PCR products were separated in 8% polyacrylamide (29:1 acrylamide:bisacrylamide). Electrophoresis was ran for approximately 5 h at 60 V in 1X TBE buffer. PCR products' sizes were estimated using TAKARA 50 bp ladder. After electrophoresis, the gel was stained using ethidium bromide for 10 min and was photographed with an ultraviolet transilluminator (BIORAD, Gel Doc XR+ system). In order to determine the dominant microorganisms, the prominent bands were excised from the polyacrylamide gel, re-amplified with PCR and purified using the Macherey-Nagel PCR cleanup, following the manufacturer's protocol for acrylamide gel extraction. Finally, sequencing was conducted on an ABI 3700 capillary sequencer (Macrogen Europe, the Netherlands) using the primers (C1 and C2) of the amplification procedure.
Analytical techniques
Total and volatile suspended solids (TSS, VSS), d-COD (closed reflux method) and N-NH4 + (phenate method) were determined according to the Standard Methods [17] . Short chain fatty acids ((SCFAs) acetate, propionate, butyrate) were quantified by gas chromatography (Varian CP-3800), with flame ionization detector and capillary column. Prior to analysis, samples were acidified with H 2 SO 4 (0.6% v/v). The chemical composition of PHAs and the purity of the polymer samples was determined by measuring its methyl-ester derivatives using a gas chromatography analyzer (Varian CP-3800, FID) following the protocol described in the study of Kourmentza et al. [18] .
The recovery of PHAs from the microbial biomass at the end of each period was performed as described in the study of Ntaikou et al. [4] , by removing 1 L of mixed fermentation broth under agitation. It should be noted that the purification step with methanol was not performed in the case of samples A and B, which resulted to final products with lower purity than those of samples C, D and E. The recovery yield of produced polymer was estimated gravimetrically as weight of air-dried polymer samples/weight of lyophilized biomass × PHA content (wt %). The PHAs production yield per COD consumed (COD cons ) was also determined according to the equation:
where CDM 0 and CDM F are the cell dry weights of the recovered biomass in the beginning and the end of the accumulation phase of each experiment, respectively, estimated via the determination of volatile suspended solids (VSS), [%PHAs] 0 and [%PHAs] F the % content of the bacterial biomass in PHAs, and COD cons the total COD consumed during the accumulation phase. For further chemical and thermodynamic analysis, the PHAs pellets were casted with chloroform (20 ml/g polymer sample) at 70°C for 15 min. The solvent was slowly evaporated in proper vials at 70°C in order to receive PHAs films with thickness 0.15-0.25 mm.
Characterization of PHAs
Spectroscopic characterization of the recovered PHAs films was conducted via a Perkin-Elmer SPECTRUM BX FTIR Spectrometer in the mid-IR region, 4000-400 cm −1 ) at 4 cm −1 resolution using 32 scans, using 2 wt%.solution of purified PHAs in CHCl 3 . Thermogravimetric analysis (TGA) was performed via Labsys TM TG Setaram analyser in order to find out the thermal stability and degradation patterns of produced PHAs in the temperature range of 25-800°C. Specimens of~10 mg were placed in an aluminum plate and were heated at a rate of 10°C/min in a nitrogen atmosphere. The molecular masses of the polymers, i.e. the mean molecular mass weight (M w ) mean molecular mass number (M n ) were determined via size exclusion chromatography (SEC) at 25°C with a Polymer Lab chromatograph comprising two Pl gel (5 μm) columns, a refractive index detector (RI) and a UV/VIS (254 nm) detector. Chloroform was used as an eluent at a flow rate of 1mL/min. Polystyrene standards with low polydispersity were used to generate calibration curves. Solutions of the products in CHCl 3 at a concentration of 4 mg/mL were prepared. In the abovementioned solutions, a small quantity of toluene was added, so as to know when the experiment ended. The eluent (CHCl 3 ) was filtered with a 5 μm filter, while all the prepared solutions were filtered using 0.45 μm filters. Differential scanning calorimetry (DSC) was performed using DSC 2920 CE, TA Instruments. Samples of 9-10 mg were weighed in an aluminum pan. Measurements were performed in a nitrogen atmosphere (50 mL min −1 ), in two heating steps from −30°C to 200°C and at a heating rate of 10°C min −1 . The DSC endothermal peak values and areas of the second scan were used to evaluate the thermal properties of the PHAs, including the glass transition temperature (T g ,°C), the melting temperature (T m ,°C), the crystallization temperature (T c ,°C), the crystallization enthalpy (ΔH c ) and the melting enthalpy (ΔH m ). The DSC endothermal peak values and areas of the second scan were used to evaluate the thermal properties of the PHAs, including the glass transition temperature (T g ,°C), the melting temperature (T m ,°C), the crystallization temperature (T c ,°C), the crystallization enthalpy (ΔH c ) and the melting enthalpy (ΔH m T m ). T c ,°C temperatures were estimated from, respectively, the endothermic and exothermic peaks. The crystallinity (X) of the samples was also estimated assuming the enthalpy of fusion of 100% crystalline PHB to be 146 J/g [19] .
Results and discussion
Effect of nitrogen on PHAs yields
The sequential batch reactor was operated continually in five distinct operational periods (denoted as A, B, C, D, and E), as illustrated in Figures 1 and 2 . During all operational periods, a mixture of equal quantities of sodium salts of acetate, butyrate, and propionate were used as carbon source. (NH 4 ) 2 SO 4 was used as the sole nitrogen source and the bioreactor was operated under the same conditions in terms of temperature, agitation, and aeration rate. Both carbon and nitrogen feeds were supplemented with a phosphate buffer in order to maintain the pH into the range of 7.5 ± 1 (Figure 2 ) which is considered favorable for PHAs production [20] . The main differences among periods were the amount of nitrogen during the accumulating phases (carbon excess), whereas the carbon supply patterns and amounts of carbon being available for accumulation were also altered as described in section 2.2, thus resulting in different consumption of carbon (Table 1) . As shown, the N:C ratios ranged from 17.7 to 5.2 during the accumulation phases of the operational periods A to C whereas during D and E periods the nitrogen limitation during accumulation phases was complete. The lowest PHA yield, measured either as g PHAs/g COD consumed (Y PHAs/COD ) or % PHAs/CDM (Y PHAs/CDM ) was estimated for the period A, during which there was the highest N:C ratio at the accumulation phase. It can be assumed thus, that when a sufficient amount of nitrogen is simultaneously available with carbon, a higher ratio of carbon source is forwarded to growth rather than PHAs production. This is in agreement with previous studies that revealed a significant enhancement of PHAs accumulation under nitrogen partial or complete limitation [10, 21, 22] . Indeed, when mixed consortia are subjected to nutrient stress, they are able to metabolize acids towards acetyl-CoA, which is partially channeled to the tricarboxylic acid cycle (TCA) for growth and NAD(P)H production, and partially used for accumulation of PHAs [5, 23] . The lower ratios of N:C and the complete limitation of N during the whole accumulation phase, resulted in considerably higher Y PHAs/COD compared to that obtained in period A, in all cases. However, it can be noted that the obtained Y PHAs/COD of periods B to D, exhibited a negligible increasing tendency. Y PHAs/VSS seems to be mainly dependent on the initial amount of offered carbon, exhibiting 65% increase from period B to period C, during which the N:C ratio was similar but the available carbon was doubled. Similarly, Reddy and Mohan [24] , reported high levels of PHA accumulation by mixed consortia for higher substrate loads.
Composition and properties of the recovered polymers
The monomeric composition, purity, mean molecular masses and polydispersity (P = M w /M n ) of the produced polymers, are summarized in Table 2 . In all cases, the produced polymers were identified as blends and/or co-polymers of 3-hydroxybutyrate (3HB) and 3-hydroxyvalerate (3HV) units, with 3HB being the dominant monomer. The generation of poly-3hydroxybutyrate-co-3hydroxyvalerate (P3HB-co-3HV) and its blend with P3HB from MMCs during their adaptation in nutrient limiting [4, 18, 25] or stressful conditions [26, 27] has previously been reported. The polymers recovered from periods C, D, E exhibited high purity, reaching 93%. The purity of the samples from periods A and B, was considerably lower (~80%), probably due to the simplified protocol used for their recovery from the lyophilized biomass, during which the purification step via methanol was omitted. The impurities of the polymer samples A and B are probably lipids and other soluble to organic solvents cell components that were not removed from biomass during washing with ethanol, and were actually detected in the SEC chromatographs via UV detector as low M W peaks (see supplementary data). The mean molecular masses of the samples were higher compared to those previously reported for MMC [28] which range from 11.10 4 Da [29] up to 327.10 4 Da [30] . In the present study, the lowest M w was noted for period A (77.10 4 Da) and the highest for period E (182.10 4 Da). It is reported that differences in PHAs composition are mainly affected by the types of carbon source used [31] . However, since the type of carbon sources in the feed and their ratio were the same in all cases (acetate:propionate: 1:1) , the observed differences cannot be attributed to this parameter. One possible explanation is that different acids are consumed selectively for growth and others for accumulation due to dynamic changes of the microbial populations. The FT-IR spectra of the polymers that were recovered at the end of all operational periods (A-E) via solvent extraction are illustrated in Figure 3 . The analysis revealed typical to PHA intense absorptions at 1724-1738 cm −1 , corresponding C = O stretching groups, i.e. esters. Strong vibrations at 2925-2935 cm −1 which are characteristic of N-H or C-H and could be attributed to either proteins or PHAs are also seen. However, no peak is detected at 1650 cm −1 , corresponding to C = O of amides, i.e. associated with proteins. Absorptions at 1450 cm −1 and at 1375 cm −1 , corresponding to methylene groups (-CH 2 -) and methyl groups (-CH 3 -) respectively, are also apparent in all samples as well as other main peaks characterizing PHAs in the range of 1500-1000 cm −1 (Figure 3(b) ) indicating CH 3 bending, CH 2 wagging, C-O, C-C and C-O-C stretching [32] .
The degradation profiles of the recovered polymers were assessed via TGA, the curves of which are illustrated in Figure 4 . Specifically, the initial decomposition temperatures at which weight loss was 5 wt%, Td5 was 291.34 o C, 241.79 o C, 287.66°C , 251.16°C and 292.04°C for samples A, B, C, D, and E, respectively. The residual mass percentage at 800°C (R 800 ), was calculated as 3.57%, 6.01%, 0.69%, 0.3% and 0.85% for samples A, B, C, D, and E, respectively, indicating that polymers that were recovered from periods A and B contain impurities that were not efficiently removed during the recovery process. This can also be due to the absence of methanol purification step for those two samples as mentioned above.
DSC curves of second heating scan of all samples are illustrated in Figure 5 , whereas Table 3 summarizes the thermal properties obtained from the scans. Specifically, the polymer produced by cycle A exhibited two T m , at 135°C and 158°C, with the second one being actually the highest observed among the tested samples. The presence of two T m values could lead to the conclusion that the recovered bioplastic could be a blend of different PHAs along with co-polymers. It seems that during this initial cycle of bioreactor operation, where nitrogen was abundant, the microbial consortium was more heterogeneous since stress conditions were not strict, and large populations of different strains coexisted in the culture. In general, the T m of all samples had values intermediate between those reported for P3HB T m (168-180°C) and for P3HV T m value (105-110°C) [33] , suggesting the co-polymeric nature of the produced polymer. The polymer with highest 3HB contents also exhibited the highest melting temperature (sample A with 91% 3HB), whereas the lowest T m value was observed for samples C and D which had the lowest 3HB contents and highest HHV content. The higher ΔΗ m values indicate the existence of polymer chains of high crystallinity in the sample. These chains are probably linear and symmetrically distributed. Moreover, it is seems that a higher content of 3HB leads to higher ΔΗ m values, an observation that is in agreement with the literature [9, 34] .
Genetic diversity and similarities of microbial populations
The genetic diversity and similarity of the bacterial community was analyzed by amplification of the 16S rRNA marker (corresponding to positions 341-534 in E. coli), using eubacteria-specific primers, as described by Muyzer et al. [14] . Several single colonies from solid cultures of mixed consortia stained with Nile blue were selected and identified. Via this approach, various species of Pseudomonas sp, and strains of Stenotrophomonas maltophilia were recognized as dominant in almost every period of the bioreactor operation (Table 4 ) and, as such, the information gained in Table 4 . Identification of bacteria strains that were isolated from the mixed consortia as formed at the end of each period of the bioreactor operation. The percentage of similarity and best match were determined using BLASTN against the NCBI non-redundant database. terms of microbial diversity was not sufficient. For comparison purposes, isolates were further tested for PHAs production in batch cultures and yields were compared to those of the MMC of period E (preliminary results presented in supplementary data). In order to better delineate the content of the MMC the RISA technique [15] was applied. The prominent bands after RISA, were excised from the polyacrylamide gel, purified and then a PCR was performed in order to multiply the PCR product concentration before sequencing analyses. Finally, sequencing was conducted. The electophoretic patterns ( Figure 6(a) ) revealed a complex pattern in all bioreactor conditions. At a first glance, the pattern of the MMC of period A seems to be less complex that those of periods B, C, D, and E. It should be noted that though that the smaller number of bands exhibited at the gel electrophoresis may underestimate the true diversity, since unrelated microorganisms may have spacer regions of identical length and thus be represented in the RISA profile by a single band. Indeed, this assumption can be supported by the properties of the polymer recovered from period A, which were more diverse that those from other periods. Moreover, the attempt of identification of the bacteria corresponding to thick bands appearing at 1000-750 pb was unsuccessful, revealing that at least two different strains were present (bands marked with red, Figure 6(b) ). It can be assumed that in this area the dominant strains of Pseudomonas and Stenotrophomonas genus appear which were easily isolated and identified from the mixed culture. Indeed, in the solid cultures of the MMCs, several replicates of these microorganisms were isolated implying that these are the dominant stains in all cases. The RISA methodology, however, revealed the presence of microorganisms that were not successfully isolated via the Nile blue live staining as shown in Table 5 . Those microorganisms appeared in the gel electrophoresis as distinct single bands (marked with yellow, Figure 6(b) ). It is of great interest that, among them, Klebsiella pneumonia was identified solely in period A and disappeared in the following operational . The bands that were excised from the acrylamide gel are depicted. In yellow, the bands that were successfully sequences; in red, the bands that the sequencing revealed that the band excised included more than one microorganism. l = ladder, Takara wide range 50 bp.
periods of the bioreactor, as verified by the absence of the respective band in the electrophoresis gel. K. pneumonia is a facultative anaerobe, capable of simultaneous hydrogen and 1,3 propanediol production from glycerol under anaerobic conditions [34] and is also reported as a PHAs producer from various substrates [35] . RISA is a method applied to the study of microbial communities and it is often referred to as community fingerprinting. The method uses PCR amplification of the high variable in length (and also nucleotide sequence) bacterial 16S-23S intergenic region between the small (16S) and large (23S) ribosomal subunits. Both types of variation have been extensively used to distinguish closely related bacterial species [36] . The resulting PCR product will be a mixture of fragments contributed by several dominant community members which are visualized via acrylamide electrophoresis. The electophoretic patterns are complex and each band represents at least one organism. This type of analysis is very useful in visualizing the level of complexity in the microbial diversity when comparing differing environments, treatments, culture conditions, etc. [15, [37] [38] [39] . However, it should be noted that in some bacterial genomes the rRNA operon copy number can vary and the different copies may have different length; hence there could be more than one bands deriving from the same species depicted in the electrophoretic pattern. On the contrary, there are other bacterial species that, even if present in a microbial community, they will not yield a PCR fragment using RISA, usually because their ribosomal RNA genes are not organized in an operon [36, 40] .
Overall, it could be noted that RISA is a reliable method that can complement other used tools for the identification of the dominant microorganism to the species level. However, stronger molecular tools such as Next Generation Sequencing (NGS) are needed for the complete characterization of the microbial diversity and fingerprinting of complex microbial communities [41, 42] .
Conclusions
The present study reveals that alterations in N:C ratios during the accumulation phase in the SBR reactor, could significantly affect the composition and the properties of the produced PHAs. A high initial N:C ratio favors the diversity of microbial populations, thus leading to a more heterogenous final product, as revealed by DSC analysis. The findings implied that during initial running of the SBR with high N:C ratio, mixtures of homopolymers and co-polymers were formed. The strict limitation of nitrogen resulted in the formation of a more homogenous product, and was Table 5 . Tentative identification of bacteria strains after applying the RISA method to the mixed cultures that were formed at the end of each period of the bioreactor operation. The percentage of similarity and best match were determined using BLASTN against the NCBI non-redundant database. attributed to the elimination of some microbial strains and prevalence of certain ones, as revealed by RISA analysis. However, stronger molecular tools a such as NGS should be applied for further elucidating the role of the microbial strains of the obtained findings.
